Identification of MRF4, myogenin, and E12 oligomer complexes by chemical cross-linking and two-dimensional gel electrophoresis.
The muscle-specific regulatory factors MRF4 and myogenin, as well as the ubiquitous factor E12, belong to a protein family which shares a common structural motif referred to as the basic helix-loop-helix domain. Recent studies have demonstrated that MRF4 and myogenin, in the presence of E12, bind efficiently to enhancer regions of muscle-specific genes, thereby activating their transcription. Although several lines of evidence suggest that MRF4 and E12 or myogenin and E12 hetero-oligomers exist, direct studies revealing the composition of these protein complexes have not been reported. Here, we demonstrate that MRF4 and myogenin preferentially form heterodimers with E12 in solution and that heterodimer formation in vitro is greatly enhanced when the two proteins are co-synthesized. Utilizing a novel two-dimensional gel electrophoresis system, we have found that MRF4 and myogenin, when complexed with E12, bind as heterodimers to the E-box consensus sequences associated with the troponin I, M-creatine kinase, and myosin light chain gene enhancers. In all cases, higher order oligomer structures were not detected, demonstrating that in vitro DNA binding abilities of these basic helix-loop-helix proteins require heterodimer formation.